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ALUMINUM ALLOY WITH EXCELLENT DECORATIVENESS 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an aluminum 
alloy with excellent decorativeness , which is used, for 
example, for slide fastener constituent members, such as 
the elements, stoppers, slider, and pull tab of a slide 
fastener, and for fastener products such as snap buttons, 
ordinary buttons, and various types of clasps. 

2 . Description of the Prior Art 

[0002] The slide fastener constituent members, for 
example, have up to now mainly been made of copper alloys, 
including red brass, brass, and other such copper-zinc 
alloys, and nickel silver and other such copper-zinc- 
nickel alloys. The color of these alloys, be it copper 
color, gold color, or silver color, is determined by the 
materials used. The applications in which slide 
fasteners have been used in recent years have required 
them to have an aesthetically pleasing appearance, so 
there has been a need for slide fastener constituent 
members of various colors . 

[0003] A slide fastener of various colors has been 
disclosed, for example, in Japanese Utility Model 
Registration No. 2587180, in which elements (teeth) 
composed of aluminum or an alloy thereof are subjected to 
anodizing, electroplating, electrodeposition, or another 
such electrochemical surface treatment. 

[0004] However, when an existing aluminum alloy (such 
as JIS 5183) is subjected to an electrochemical surface 
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treatment, the resulting slide fastener elements of 
various colors tend to have poor metallic gloss, and when 
the alloy composition is adjusted or when an existing 
aluminum alloy (such as JIS 5052, 5056, or 5154) is 
selected so as to emphasize metallic gloss, the 
mechanical properties, particularly strength, required by 
the application, and are compromised, so there are 
practical limitations to this approach. 



SUMMARY OF THE INVENTION 



[0005] In view of this, it is an object of the present 
invention to provide an aluminum alloy with excellent 
decorativeness, which has the strength, hardness, and 
other such mechanical properties required by the intended 
application, and which also has excellent metallic gloss. 
[0006] The present invention is constituted as follows. 
[0007] (1) An aluminum alloy with excellent 
decorativeness , having a composition represented by the 
general formula Al a Mg b Mn c Cr d , wherein b, c, and d are, in 
mass percentage, 3.0 <s b ^ 5.6, 0.05<sc<;1.0, 0.05 ss d 
*s 0.7, c+d>0.2, and a is the balance with unavoidable 
impurity elements possibly being contained, wherein a 
matrix of the aluminum alloy is a structure substantially 
composed of an aluminum solid solution, in which no /?- 
phase is present . 

[0008] (2) The aluminum alloy with excellent 
decorativeness according to (1) above, wherein b, c, and 
d are, in mass percentage, 4.3 <s b <s 5.2, 0.05 ^ c <s 0.7, 
0.05 <s d <s 0.5, and c + d > 0.2. 
[0009] (3) The aluminum alloy with excellent 
decorativeness according to (2) above, wherein b, c, and 
d are, in mass percentage, 4.5 «s b <s 5.0, 0.2 <sc 2s 0.7, 
0.1 <; d <; 0.3, and c + d > 0.2. 
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[0010] (4) The aluminum alloy with excellent 
decorativeness according to any of (1) to (3), wherein c 
+ 3. 2d <; 1.25. 

[0011] (5) The aluminum alloy with excellent 
decorativeness according to any of (1) to (4) above7 
wherein the aluminum alloy contains no compound having a 
particle size of greater than 5 pim. 
[0012] (6) The aluminum alloy with excellent 
decorativeness according to any of (1) to (4) above, 
wherein the aluminum alloy contains a compound having an 
average particle size of 2 00 nm to 5 ^m and a precipitate 
having a particle size of no more than 100 nm. 
[0013] (7) The aluminum alloy with excellent 
decorativeness according to any of (1) to (6) above, 
wherein an anodic oxide film formed on the aluminum alloy 
by anodizing has a lightness of at least 55, as indicated 
by an L* value, which is a lightness defined in JIS Z 
8729. 

[0014] (8) The aluminum alloy with excellent 
decorativeness according to any of (1) to (7) above, 
wherein the aluminum alloy has a hardness Hv of at least 
125. 

[0015] (9) The aluminum alloy with excellent 
decorativeness according to any of (1) to (8), wherein 
the aluminum alloy has a cold workability of at least 55% 
in terms of fractional reduction in cold upsetting height. 
[0016] (10) An aluminum alloy with excellent 
decorativeness, wherein the alloy according to any of (1) 
to (9) above is used for at least one slide fastener 
constituent member selected from the group consisting of 
elements, stoppers, a pull tab, and a slider. 
[0017] (11) An aluminum alloy with excellent 
decorativeness, wherein the alloy according to any of (1) 
to (9) above is used for at least one selected from the 
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group consisting of snap buttons, ordinary buttons, and 
clasps. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig. 1 is a conceptual diagram of a slide 
fastener. 

[0019] Fig. 2 is a diagram illustrating how the slide 

fastener in Fig. 1 is manufactured. 

[0020] Fig. 3 is a diagram illustrating how a button is 
manufactured . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0021] The aluminum alloy for a slide fastener to which 
the present invention is applied will now be described. 

[0022] In the present invention, the above-mentioned 
object can be achieved by using the composition expressed 
by the above general formula. 

[0023] Mg has an effect in enhancing the mechanical 
properties (strength and hardness) of the alloy by 
forming a solid solution in the aluminum matrix. The 
mechanical properties (strength and hardness) will be 
inadequate if the Mg content is below the above-mentioned 
lower limit (3.0 mass%). If Mg content is above the 
upper limit (5.6 mass%), a (3 -phase will be formed in the 
(continuous) casting step, and when an electrochemical 
surface treatment is performed, the metallic gloss will 
be lost, which leads to a decrease in decorativeness . 
Even better mechanical properties and metallic gloss can 
be achieved if the Mg content range is 4.3 to 5.2 mass%. 
The effect will be even more pronounced if the range is 
4.5 to 5.0 mass%. 
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[0024] Mn has an effect in enhancing the mechanical 
properties (strength and hardness) of the alloy by being 
precipitated from the aluminum matrix. The mechanical 
properties (strength and hardness) will be inadequate if 
the Mn content is below the above-mentioned lower limit 
(0.05 mass%). If the Mn content is above the upper limit 
(1.0 mass%) / when the electrochemical surface treatment 
is performed, metallic gloss will be lost, which leads to 
a decrease in decorative properties, and cold workability 
may be inadequate. Even better mechanical properties can 
be achieved if the Mn content range is 0.05 to 0.7 mass%. 
The effect will be even more pronounced if the range is 
0.2 to 0.7 mass%. 

[0025] Cr has an effect in enhancing the mechanical 
properties (strength and hardness) of the alloy by being 
precipitated from the aluminum matrix. The mechanical 
properties (strength and hardness) will be inadequate if 
the Cr content is below the above-mentioned lower limit 
(0.05 mass%). If the Cr content is above the upper limit 
(0.7 mass!), cold workability may be inadequate. Even 
better mechanical properties and cold workability can be 
achieved if the Cr content range is 0.05 to 0.5 mass%. 
The effect will be even more pronounced if the range is 
0.1 to 0.3 mass%. 

[0026] The combined amount of Mn and Cr must be greater 
than 0.2% in order to produce a structure in which fine 
compounds or precipitates are present and to increase 
hardness and strength. The increase in hardness and 
strength will be even more pronounced if the combined 
amount is at least 0.3%. It is preferable for the 
amounts in which Mn and Cr are added to be such that the 
amount of Mn plus 3.2 times the amount of Cr is less than 

or equal to 1.25, that is, c + 3. 2d <; 1.25, because the 
precipitation of very large crystals will be suppressed, 
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and workability, and especially workability after 
continuous casting, will be improved. 

[0027] Al, which accounts for the balance of the above- 
defined general formula, may be partially replaced with 
iron, silicon, or the like without any problem whatsoever 
in terms of alloy characteristics, and an alloy having 
the characteristics targeted by the present invention can 
be provided in this way. 

[0028] If the matrix of the alloy of the present 
invention is a structure substantially composed of a 
solid solution of aluminum, in which no j3 -phase is 
present, then an alloy with good metallic gloss can be 
obtained even after electrochemical surface treatment, 
and this alloy will also have excellent corrosion 
resistance and stress corrosion resistance. An alloy 
that also has excellent mechanical properties can be 
obtained by dissolving various elements in the solid 
solution of the aluminum matrix. 

[0029] It is undesirable for the aluminum alloy to 
include compounds having a particle size of more than 
5 because adequate hot and cold workability after 
continuous casting cannot be ensured. It is desirable 
for there to be compounds with an average particle size 
of 200 nm to 5 ^/m and precipitates of no more than 100 nm 
because mechanical properties (strength and hardness) can 
be improved while maintaining metallic gloss. More 
specifically, the matrix is a structure substantially 
composed of an aluminum solid solution, and Al-(Fe, Mn, 
and/or Cr) -based compounds are present along with the 
above-mentioned aluminum solid solution. 

[0030] in terms of metallic gloss, it is preferable for 
the alloy of the present invention to have an L* value of 
at least 55 on the basis of the chromaticity diagram of 
the L*a*b* Colorimetric System specified in JIS Z 8729. 
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[0031] The coloring referred to in this Specification 
is indicated by the lightness index L* (lightness: L 
star), chromatic index a* (greenish to reddish: a star), 
and b* (bluish to yellowish: b star) expressed by the 
method for indicating the color of objects set forth in 
JIS Z 8729. 

[0032] An alloy that can be effectively applied as 
materials for slide fastener constituent members, snap 
buttons, ordinary buttons, or various types of clasps, 
for example, can be provided by adjusting the hardness to 
an Hv of at least 125 and a cold workability of at least 
55% as a fractional reduction in cold upsetting height. 
[0033] A slide fastener, which is an application of the 
alloy of the present invention, will now be described in 
specific terms through reference to the drawings. 
[0034] Fig. 1 is a conceptual diagram of a slide 
fastener. As shown in Fig. 1, a slide fastener comprises 
a pair of fastener tapes 1 each having a core part 2 
formed along one edge, elements 3 fixed (mounted) at 
regular intervals along the core parts 2 of the fastener 
tapes 1, a top stop 4 and bottom stop 5 fixed onto the 
core parts 2 of the fastener tapes 1 at the top and 
bottom ends of the rows of the elements 3, and a slider 6 
disposed between the opposing elements 3 and able to 
slide up and down in order to engage and separate the 
elements 3. A slide fastener chain 7 is constituted by 
mounting the elements 3 on the core parts 2 of the 
fastener tapes 1. Although not shown in the drawing, the 
slider 6 shown in Fig. 1 is produced by subjecting a long 
material plate with a rectangular cross section to multi- 
stage pressing, and cutting this product at specific 
intervals to produce a slider body, then mounting a 
spring and pull tab as necessary. The pull tab is 
produced by punching out a desired shape from the plate 
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with a rectangular cross section, then fixing this onto 
the slider body. The bottom stop may consist of a 
separable insertion device composed of an insertion pin, 
a box pin, a box body, and, so that the pair of slide 
fastener chains can be separated by the opening operation 
of the slider. 

[0035] Fig. 2 is a diagram illustrating how the 
elements 3, the top stop 4 and bottom stop 5 of the 
slide fastener shown in Fig. 1 are manufactured and how 
they are attached to the core part 2 of the fastener tape 
1. As shown, the elements 3 are produced by cutting at 
specific intervals a deformed wire 8 having an 
approximately Y-shaped cross section, press-molding these 
to form engaging head parts 9, and then fixing foot parts 
10 onto the core part 2 of the fastener tape 1 containing 
conductive wires as described in Japanese Utility Model 
Registration No. 2587180. The elements 3 can also be 
produced by forming the engaging head parts 9 in 
rectangular strip (straight angle strip) with a 
rectangular cross section, punching out [the desired 
shapes], and mounting these by fixing the foot parts 10 
onto the core part 2 of the fastener tape 1 containing 
conductive wires . The above-mentioned top stop is 
produced by cutting at specific intervals a rectangular 
wire (straight angle wire) 11 with a rectangular cross 
section, bending these into pieces with an approximately 
U-shaped cross section, and then fixing them onto the 
core part 2 of the fastener tape 1. The bottom stop is 
produced by cutting at specific intervals a deformed wire 
12 having an approximately X-shaped cross section, and 
then fixing these onto the core part 2 of the fastener 
tape 1. in the drawing, the elements 3 and the top and 
bottom stops 4 and 5 are mounted simultaneously on the 
fastener tape 1, but in actual practice, the elements 3 



9 



10687 



are attached continuously to the fastener tape 1 to first 
produce a fastener chain 7, and then the elements 3 are 
removed from the area of the fastener chain where the 
stops are to be attached, and the stop 4 or 5 is mounted 
near the elements 3 in this area. 

[0036] In the manufacture and attachment described 
above, the elements, stops, slider, pull tab, and other 
such constituent members of the slide fastener must be 
made from an alloy with excellent cold workability. 
[0037] Also, with a slide fastener containing 
conductive wires, anodizing, electroplating, 
electrodeposition, or other such electrochemical surface 
treatments are performed by placing the slide fastener in 
a treatment bath and passing an electric current through 
the conductive wires to the elements. When a deformed 
wire 8 having an approximately Y-shaped cross section is 
used for preparing the elements, the deformed wire may be 
subjected to the electrochemical surface treatment in the 
state of a wire form, and then formed into the elements 3. 
The elements are mounted by fixing the foot parts 10 onto 
the core part 2 of the fastener tape 1 . When the 
engaging head parts 9 are formed in a rectangular wire 
(straight angle wire) with a rectangular cross section, 
and this wire is punched out to produce the elements, 
numerous elements may be mounted in a jig, subjected to 
an electrochemical surface treatment, and then mounted by 
fixing the foot parts 10 onto the core part 2 of the 
fastener tape 1 . 

[0038] As to the specific method and apparatus for 
performing the anodizing, electroplating, 
electrodeposition, or other such electrochemical surface 
treatments, the continuous treatment described in 
Japanese Patent Application 2001-399610, previously filed 
by the present applicant, is particularly effective, for 
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example. Specifically, using an apparatus in which a 
first electrode plate electrically connected directly by 
an external power supply is placed in electrolyte in a 
first-stage electrolytic bath, and a plurality of power 
supplies are provided for passing an electric current 
between adjacent pair of electrode plates disposed in 
second- and subsequent stage electrolytic bath, for 
example, a fastener chain is successively wound around a 
plurality of rollers, an electric current is passed 
directly to an element row from the external power supply 
through the conductive wires in the fastener chain, and 
an electric current is passed from the power supplies to 
the second and subsequent pairs of electrode plates in 
the bath. This method keeps the anodic oxide film 
uniform and allows this film to be formed stably and 
uniformly in the desired thickness, and employing the 
alloy of the present invention produces a product that 
has an excellent metallic gloss because of the high 
lightness L* value, and that has stable coloring with no 
color unevenness or other color problems. 

[0039] Fig. 3 is a diagram illustrating how buttons are 
manufactured. As shown in Fig. 3, a strip composed of a 
plate body 13 with a rectangular cross section is punched 
out in the desired shape, and this is press-molded to 
form a surface member 14 of a button as shown in the 
drawing. The surface member of the button is fixed to 
the attachment member 15 of the button as shown in the 
drawing, and this product is sewn to clothing or a tape. 
The above-mentioned button can also be produced by 
subjecting a strip composed of the plate body 13 with a 
rectangular cross section to an electrochemical surface 
treatment, then punching, press-molding, and fixing to 
the attachment member. The same applies to a snap button, 
with which the electrochemical surface treatment is 
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performed on a member corresponding to the above- 
mentioned surface member. 

[0040] This process can also be applied to shoe 
fasteners, metal adjusters for belts, and clasps such as 
hook and eye fasteners. 

[0041] The present invention will now be described in 
specific terms through reference to examples, but the 
present invention is not limited to or by the following 
examples . 

Example 1 

[0042] A billet (40 mm diameter) of an aluminum alloy 
having the composition shown in the left column of Table 
1 was cast, and this billet was homogenized, after which 
direct extrusion was performed with a extruder to produce 
an extruded rod with a diameter of 8 mm. This extruded 
rod was used as a test material and evaluated for cold 
workability. Also, this extruded rod was rolled at room 
temperature to a thickness of 1.3 6 mm and annealed, after 
which it was rolled at room temperature to 0.22 mm, and 
then evaluated for hardness and the color tone of an 
alumite film (anodic oxide film) according to the 
standards given below. Also, the compositions given in 
the left column of Table 1 were continuously cast and 
evaluated for hot workability by hot rolling immediately 
after the casting. The same evaluations were made for 
conventional materials (comparative materials). 
[0043] These results are given in the right columns of 
Table 1. 
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[0044] Evaluation of the measured results shown in 
Table 1 are as follows : 

1. Hardness 

[0045] The face of a cold-rolled material perpendicular 
to the rolling direction was mechanically polished to a 
mirror finish to produce an evaluation sample. The 
hardness was measured with a micro-Vickers hardness gauge 
under a load of 50 gf . 

O: Hv at least 125 

A: Hv at least 120, less than 125 

x: Hv less than 120 

2. Cold Workability 

[0046] Each test piece measuring 6 mm in diameter and 9 
mm height was produced on a lathe from an extruded 
material , and this was used for the evaluation sample. 
This was placed between metal molds having a smooth face, 
a compression test by upsetting was conducted to a 
certain reduction in height, and the sample was checked 
for cracking under an optical microscope. The highest 
reduction in height at which no cracking occurred was 
termed the workable limit. The symbols used for 
evaluation correspond to the following workable limits, 
respectively. 

O: at least 55% 

A: at least 50%, less than 50% 

x: less than 50% 

3. L* value (color tone of alumite film) 

[0047] The roll-contact face of a cold-rolled material 
perpendicular to the rolling direction was mechanically 
polished to a mirror finish to produce an evaluation 
sample. The sample was degreased, after which it was 
subjected to anodizing using 2 mol/L sulfuric acid as an 
electrolytic bath, and with the bath temperature, voltage, 
and time set so as to form a film 2 0 ]um thick on the 
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sample surface. After this anodizing, the L* value was 
measured with a colorimeter. 

O: L* value at least 55 

x: L* value less than 55 

4. Hot Workability 

[0048] A wire was fabricated by continuous casting, and 
the wire thus obtained was subjected to hot rolling to 
produce a fine wire. After being adjusted to the desired 
shape, this wire was finally wound on a winder. 
[0049] A defectoscope was set up ahead of the winder, 
and the surface defects (at least 1 mm large) on the wire 
adjusted to the desired shape as above were counted. 
O: fewer than 50 defects 
A: at least 50 defects, fewer than 100 
x: at least 100 defects 

5. Overall Evaluation 

[0050] The above-mentioned cold workability, hardness, 
L* value (color tone of alumite film), and hot 
workability were given an overall evaluation, the results 
of which are given in the right column of Table 1. 

®: the evaluations for cold workability, hardness, 
alumite film coloring, and hot workability were all O 

O: the evaluations for cold workability, hardness, 
alumite film coloring, and hot workability were all O or 
A 

x: the evaluations for cold workability, hardness, 
alumite film coloring, and hot workability included x 

6 . Texture Observation 

[0051] Present invention materials 1 to 49 were 
observed by TEM (transmission electron microscope). With 
all of present invention materials 1 to 49, the matrix 
was a structure substantially composed of an aluminum 

solid solution in which no/? -phase was present. 
Furthermore, in this structure there was no compound 
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whose particle size was over 5 iim in any of the present 
invention materials, there was an Al-(Fe,Mn,Cr ) -based 
compound whose average particle size was 200 nm to 5 jim, 
and there were Al-Mn-based and/or Al-Cr-based 
precipitates of 100 nm or less. 

[0052] Table 1 shows that the effect on hardness was 
small in present invention material Nos. 1, 3, 5-8, 10, 
and 13 because of the work-hardening caused by Mg and 
because of a small amount of fine compounds. Cold 
workability was inferior in present invention material 
Nos. 37, 39, 42, 44, 46, 47, and 49 because work- 
hardening caused by Mg and because too many fine 
compounds were dispersed. Hot workability was inferior 
in present invention material Nos. 6, 7, 13, 14, 20, 21, 
27, 28, 34, 35, 41, 42, 48, and 49 because large crystals 
precipitated during the continuous casting. The effect 
on hardness was small in comparative material Nos. 1, 2, 
and 3 because the amount of added Mg, Mn, or Cr was small. 
The cold workability was inferior in comparative material 
No. 4 because too many fine compounds were dispersed. 
The L* value was also inferior because of a large amount 
of residual compounds in the alumite film after anodizing. 
When the sample was produced by continuous casting in 
comparative material No. 5, the Mg distribution was 
uneven, which hindered anodizing. Also, there were 
numerous surface defects because thermal embrittlement 
cracking tended to occur in hot rolling. 
[0053] It is clear from the above that the present 
invention materials had better hardness, cold workability, 
and L* values than the conventional materials 
(comparative materials). 

Example 2 
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[0054] The fastener parts shown in Figs. 1 and 2 were 
produced by subjecting the continuously cast material of 
present invention material 25 to cold working, annealing, 
and deformation-rolling. As shown in Table 2, the 
fastener strength was better than that of one of the 
conventional materials. Also, the anodic oxide film was 
transparent and had a high L* value, so it could be dyed 
to achieve an excellent decorative appearance. The 
comparative material whose strength was the same as that 
of the present invention material had a low L* value, and 
therefore had inferior decorative properties. The F 
strength is the result of measuring the element pull-out 
strength for elements that have been fixed to a fastener 
tape . 



19 106 



CN 



Evaluation 




X 


X 


Decora- 
tiveness 


o 


O 


X 


L* 
value 


CN 
VO 


CN 
VO 


o 


F 

strength 


6 kgf 


5 kgf 


6 kgf 


Al alloy composition (mass%) 


Other 


| 


1 


Cu : 0 . 3 


Cr 


CN 
O 


i-H 
O 


i 


Mn 


VO 
O 


t-H 
O 


i 


tn 
£ 


00 


00 


00 

in 


TV 


balance 


balance 


balance 


No, 


Present invention 
material 25 


Conparative 
material 3 


Conparative 
material 5 



20 



10687 



[0055] The aluminum alloy of the present invention has 
the strength, hardness, and other such mechanical 
properties required by its intended applications, and 
also has an excellent metallic gloss, allowing an 
aluminum alloy with outstanding decorative properties to 
be obtained. This alloy is particularly useful when 
applied to the fastener elements, stops, sliders, pull 
tabs, and other such constituent members of a slide 
fastener, or to snap buttons, ordinary buttons, and 
various types of clasps. 



